Additional information: Several factors causing abiotic damages can act simultaneously, and they may also co-occur with biotic damage, which complicates diagnosis. Abiotic damage can weaken the plants, making them vulnerable to biotic damaging agents (e.g., fungi or insects). If similar symptoms occur in the entire plant, the damage is more likely to be associated with the root system.
Shoot blight and dieback
Description: Shoots and/or buds are discoloured, shoots are wilted or crooked, later dead (necrotic, dry). Sometimes visible pustules occur as signs of fungal infections. Occurrence of symptoms is usually scattered in a plant, starting from a few shoots and often from the terminal shoots. Symptoms can include oozing of resin and formation of lesions on shoots. Additional information: Shoot blight and dieback of shoots and buds generally occur together with symptoms on needles. Note that dieback and wilting of young shoots can also be a symptom of borer tunnelling in the shoots (see next page: 14.3). For pathogen collection and preservation, see Chapter 4.
Shoot and/or bud borer damage
Description: Either shoots or buds, or both, may be infested. Early symptoms on shoots often include only slight chlorosis and growth reduction, with or without swellings. Buds stop developing and may be deformed or discoloured. Later on, shoots will wilt or become malformed. Signs may also include small holes and expelled frass. Slicing of infested shoots may reveal the tunnelling larvae inside the shoot, or a hollow space where the larvae have left the shoot or bud. Possible damaging agents: Insects: Larvae of Lepidoptera (Tortricidae: Figs. 14.3.1 -14.3.5, Yponomeutidae: Fig. 14.3.6), Coleopteran weevils and bark beetles (Curculionidae, Scolytinae: Figs. 14.3.7 -14.3.8). Additional information: Borer damage may lead to stunted, forked leaders and general loss of shape. Open the bud to check larval presence and/or damage. For insect preservation, see Chapter 3.
Sap-feeder damage
Description: Sap-feeding insects or mites are usually observed in large groups and can be mobile or immobile. Indirect symptoms include reduced growth, deformation of shoots or buds, chlorotic, small spots or other discoloration with (sticky liquid) exudation. Possible damaging agents: Insects: Adults and nymphs of many Hemipteran families (Adelgidae: Fig. 14.4 .6, Aphididae: Figs. 14.4.1 -14.4.2, Coccidae, Kermesidae: Fig. 14.4 .5, Pseudococcidae: Fig. 14.4.3) and Acari (e.g., Tetranychidae: Fig. 14.4.4) . Additional information: Honeydew (sugar-rich liquid) can attract other animals (e.g., ants) and support growth of fungi on the surface of the shoots and buds (see next page: 14.5). For insect collection and preservation, see Chapter 3.
Fungal growth on surface
Description: Dark, reddish/yellowish, whitish, powdery or cottony coverage, elevated spots or other structures on shoots and buds. Possible damaging agents: Fungi: Ascomycota, Basidiomycota: powdery mildews, rusts, sooty moulds (Figs. 14.5.1 -14.5.4). 
Shoot galling
Description: Outgrowths (galls) or swelling of shoot or bud tissues, with insect larvae or mites inside. Depending on the causal agent and host species, galls of different size, form (regular or irregular) and colour (e.g., green, reddish, brownish or light-coloured) occur. Possible damaging agents: Insects: Adults and larvae of Hemiptera (Adelgidae: Figs. 14.6.4 -14.6.6, Aphididae, Psyllidae), larvae of Diptera (Cecidomyiidae midges: Figs. 14.6.1 -14.6.3) and Hymenoptera (Eurytomidae); adults and larvae of Acari (Eryophiidae). 
Shoot and/or bud external feeding
Description: Shoots or buds are chewed or punctured from the outside by adult insects or, occasionally, by larvae. Damage symptoms can include feeding holes, shoot debarking or external chewing. Possible damaging agents: Insects: Adults of Coleoptera (especially Curculionidae) but many other groups that damage needles may occasionally feed on shoots and buds (e.g., Hymenoptera sawflies and Lepidoptera: Figs. 14.7.1 -14.7.5). 
Feeding by mammals or birds
Description: Whole shoots and buds are removed from the tree. Repeated damage often causes formation of multiple stems and bushy appearance of the plants. Possible damaging agents: Mammals: moose, deer, cattle, sheep, squirrels, rodents, Birds: e.g., grouse (Figs. 14.8.1 -14.8.4) . Additional information: Deer and sheep often leave ragged ends on shoots and always eat the shoots. Rabbits and hares leave clean diagonal cuts on ends, leaving the shoots lying (often by rabbits, always by hares). Timing of the foraging, and different signs such as faeces, tracks, or even hair or feathers around the damaged tree can be useful when identifying the causal agent. Damage signs should be photographed. For species identification, direct observation or consultation with local zoologists or game managers is needed.
